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ABS1RACT 


A  nuniber  of  Bulfhydryl  (<^)  eoigounde  and  the  nonaulfur 
analogs  of  some  of  these  compounds  vere  tested  for  their  effect  on 
the  Infectivity  of  partially  purified  eastern  equine  encephalitis 
virus  during  storage  at  4%.  Thiourea  vas  found  to  he  the  most 
effective  stabilizer,  vhereas  urea  and  guanidine  caused  a  loss  of 
viral  Infectivity.  Thlosendcarbazlde  and  semlcarbazlde  shoved 
effects  similar  to  those  of  thiourea  and  urea.  Viral  Inactivation 
produced  by  p-chloromereurlbenzoate,  sodlton  thloglycoUate,  or 
sodium  ascorbate  could  be  prevented  by  Ihlourea.  No  correlation 
vas  found  betveen  the  or^datlon -reduction  potential  of  virus  sus¬ 
pensions  containing  the  various  compounds  and  the  Infectivity 
titer,  or  change  In  titer,  of  these  suspensions.  The  presence  of 
an  -SH  group  In  the  molecule  Is  not  a  requisite  for  stabilization: 
glutamine  and  dlpyrldyl  exhibited  good  stabilizing  properties. 
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I.  imoDucTioil 


The  stabilizing  effect  of  cysteine  on  eastern  equine  encephalitis  (SEE) 
virus  vas  demonstrated  by  Bang  and  Harriott  ^  and  later  by  Labzoffsky.*** 

ISiese  authors  suggested  that  the  reducing  power  of  cysteine  suppressed  in¬ 
activation  of  the  virus  by  Inhibiting  oxidation.  However,  other  reducing 
agents  tested  by  Labzoffsl^  had  no  stabilizing  effect.  In  1958,  Pohjanpelto* 
showed  that  the  thermal  stability  of  a  heat-sensitive  strain  of  poliovirus 
was  increased  by  incubation  of  the  virus  with  L-cystine.  Recently,  Wf  .lls 
and  Melnick*  reported  that  thexmoreslstant  strains  of  poliovirus  wer.  de¬ 
veloped  by  passage  of  the  virus  in  tissue  culture  systems  containing 
cystine,  and  that  the  reduction  of  disulfide  bonds  in  these  strains  caused 
a  loss  of  thermostability.  In  I983,  Fhllipson*  reviewed  information  dealing 
with  the  reactions  of  the  sulfhydryl  groups  of  enteroviruses  that  sxiggested 
that  sxilfhydryl  groups  play  a  definite  role  in  the  early  stages  of  the  in¬ 
teraction  of  enteroviruses  with  host  cells.  Phllipson  and  Chopping  reported 
that  EEE  virus  resembled  the  enteroviruses  and  differed  from  the  other  arbo¬ 
viruses  tested  in  that  its  henagglutlnating  activity  was  inactivated  by  the 
sulfhydryl  group  reagent,  p-chloromercuribenzoate. 

We  have  tested  a  number  of  caapounds,  including  some  sulfhydryl  com¬ 
pounds  and  their  nonsulfur  analogs,  for  their  effect  on  the  infectlvity  of 
partially  purified  EEE  virus  during  storage  at  4°C. 


n.  METHODB 


gEK  virus  used  in  these  tests  was  partially  purified  from  Maitland  ty])e 
chick  eahryo  cultures  by  one  cycle  of  differential  centrifugation,  followed 
by  two  rinses  of  the  viral  sediment  with  phosphate  buffer.  The  viral  sedi¬ 
ment  vas  then  suspended  in  0.02  M  phosphate  buffer  of  pH  T.3.  Equal  volumes 
of  this  virus  suspension  and  of  the  compound  being  tested  were  mixed  and 
stored  at  in  Hlled,  rubber -stoppered  glass  bottles.  Control  samples 
were  pr '  Nsred  by  mixing  equal  volumes  of  tne  virus  suspension  and  phosphate 
buffer. 

Infectivity  as  determined  by  titration  in  ll»-day  entibryonated  eggs  in¬ 
oculated  via  the  amniotic  cavity. 
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HI.  RBSOLTB 


A.  COMPARISQIf  OF  STABIUZm  IFFBCTS  OF  ISIOUREA  AHD  CISOSSISE 

When  thiourea  and  L-cyetelne  vere  compared  for  their  relative  stabiliz¬ 
ing  effect  on  KB  virus,  thiourea  was  found  to  be  effective  at  a  tenfold 
lover  concentration  than  cysteine,  as  shown  In  liable  I.  Samples  vere 
assayed  for  Icf activity  at  Intervale  up  to  lU  days.  Data  from  a  number  of 
other  tests  indicate  that  0.01  M  thiourea  Is  as  effective  as  0.1  M  cysteine 
over  relatively  long  periods  of  storage  (se^n  to  ten  weeks). 


tabu;  I.  COMPARISaR  OF  THIOUREA  AHD  CYSTEIHE  AS  STABILIZERS 
OF  1A83RH  BUINK  EKCEPHAUTIS  VIRUS 


Infectivlty  for  Embryonated  EggS 
Tlxse,  days  at 


0 

0.17 

1 

3 

*T 

14 

Control 

8.2 

8.2 

7.0 

4.8 

**.1 

3.3 

Cvateine  0.1  M 

8.1 

6.9 

7.4 

".0 

C.O: 

0.01  M 

7.6 

•^.1 

6.5 

4.8 

w  •  H 

0.001  M 

6.1* 

<3.0 

<3.0 

- 

Tl'.io’jrea  0.1  M 

7.5 

7.2 

6.9 

7.4 

0.01  M 

7.3 

8.1 

C.8 

7.0 

-y 

•  •* 

0.001  M 

1 

7.0 

6.0 

5.9 

5 .  c 

H.  Log II  azriotic  LPh  per  ml. 


B.  CONPARISOII  OF  EFFECTS  OF  SUIFHIDRYL  CQNP0URD6  AKD  TBEIR  NONSUIFUR 
ANALOGS 

In  a  uw  aerosol  stabilization  of  Serratla  ^re^aeena  by  metal - 

•  ('r»«inniinrt« ,  ZiiBseman*  dessjnstratec  that  a  number  of  sulThyoryl  com¬ 

pounds  vere  excellent  stabilizers,  vhereas  their  nonsulfur  analogs  vere 
ineffective.  Because  thiourea  was  found  to  stabilize  EBB  virus,  we  were 
interested  in  determining  tlM  effect  of  the  structurally  related  coiQiounda, 
urea  and  guanidine,  on  this  virus.  ISie  effect  of  these  ccsqpounda  at  the 
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0.01  M  l«v«l  Is  sbovn  In  Flipire  1.  Utm  snd  guanidine  did  not  statlliie 
the  Tiros,  but  Instead  increased  the  loss  of  viral  infectivity.  Note  that 
in  the  presence  of  thiourea  the  Infectlvlty  decreased  only  0.^  log  In  2^ 
days. 


Sesdcarbazlde  and  thiosemlcarbazide  were  also  cutopared  for  their  effect 
on  BEE  virus.  (Figure  2).  Sandies  containing  0.01  K  sesdcarbazlde  shoved 
greatly  decreas^  titers  at  the  first  Interval  tested  {2k  hours);  In  con¬ 
trast,  thiosendcarbazlde  stabilized  the  virus. 


C.  HtlVHiTIOH  OF  SPECIFIC  INACTIVATION  OF  SEE  VIRUS  BY  TSIOUREA 

It  vas  found  that  the  reducing  agents,  sodium  thloglycoUatc  and  sodium 
ascorbate,  and  the  sulfbydryl  group  reagent,  p-chloromercuribenzoate, 
caused  Inactivation  of  partially  pturifled  E^  virus.  Inactivation  by  these 
coiq;>ounds  did  not  occur  vhen  thiourea  vas  present.  In  contrast  to  the 
relatively  slov  Inactivation  of  EEE  virus  produced  by  thloglycoUate  and 
p-chloromercuribenzoate,  sodium  ascorbate  caused  very  rapid  inactivation  of 
the  partially  purified  virus,  as  Indicated  in  Figure  3.  Inactivation  curves 
for  10”*  M  and  10*^  M  ascorbate  at  pH  7.8  are  ahovn.  10“*  M  ascorbate 
caused  a  loss  of  Infectlvlty  of  more  than  3.0  log  In  2M  minutes.  Inac¬ 
tivation  by  ascorbate  could  be  prevented  by  the  addition  of  equimolar 
cjnounts  of  thiourea  either  before  the  addition  of  ascorbate  or  together 
vlth  ascorbate. 


D.  CGMPARISaN  OF  THE  INACTIVATIRO  EFFECTS  OF  SEVERAL  COMPOUNDS 

Table  II  shovs  the  extent  of  inactivation  produced  by  coopounds  that 
vere  found  to  be  Inactivating  to  EEE  virus.  Both  p-chloromercuribenzoate 
and  iodoacetamlde  at  alkaline  pH  levels  are  knovn  to  react  vlth  sulfhydryl 
groiq)8  In  proteins,  but  these  reagents  also  react  vlth  other  protein  sites. 
None  of  the  conpormds  caused  the  sharp,  rapid  Inactivation  that  vas  produced 
by  ascorbat^i.  Inactivation  of  poliovirus  by  ascorbic  acid  vas  reported  In 
1935  by  Jvingeblut,*  In  a  1953  reviev,*®  the  bacteriocidal  effect  of  ascorbic 
acid  vas  attributed  to  some  product  of  the  auto -oxidation  of  ascorbic  acid, 
such  as  dehydroascorblc  acid  or  hydrogen  peroxide.  Hovever,  Ericsson  and 
Lundbeck,**  in  a  1955  study  that  included  polio  and  Influenza  viruses,  con¬ 
cluded  tlMit  formation  of  hydrogen  pei*oxide  cannot  be  the  essential  mechanlTO 
of  this  antimicrobial  effect.  Our  experlnients  indicate  that  dehydroascorblc 
acid  but  not  hydrogen  peroxide  could  cause  the  inactivation  of  CTtE  virus 
and  that  cysteine  as  veil  as  thiourea  will  prevent  this  inactivation. 


Egg  LDjo  P«r  ml  (log,o) 


Figure  1 


Comperleons  of  the  Effects  of  Thiourea,  Urea,  and 
Guanidine  at  Concentrations  of  0.01  M  on  the 
Infeetlvlty  of  EEE  Virus. 


Weeks  at  4°C 


i  t;u  rc  2  . 


Comparisons  of  the  Effects  of  Semicarbazlde  and 
Thiosemicarbazlde  at  Concentrations  of  0.01  M 
on  the  Infectivity  of  EEE  Virus. 
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TABLE  II.  COMPARISOK  OF  OSE  IKACTIVATIliG  STSCT  OF  SBVBtAL  COMPOOnB 
OR  IHE  myaJTIVITI  (»■  partially  purified  EEE  VIROB  at  4®C 


Ccmpound 


Ascorbate 

Ascorbate 

Thioglycollate 

p -Chloronerciir  ibenzoate 

lodoacetamlde ,  pH  9 

Semicarbazide 

gi 

Urea  or  Guanidine— 


Concentration , 
M 

1  X  10‘* 

1  X  10'* 

1  X  10-^ 

1  X  10"^ 

1  X  :.3“* 

1  X  10'  * 

1  X  10"* 


Extent  of 
Inactivation 

5.0  log  in  5  Bin 

4.5  log  in  2  hr 

2.5  log  in  2k  hr 
2.0  log  in  2k  hr 

1.5  log  in  1*8  hr 

2.5  log  in  2k  hr 

1  to  2  log  in  72  hr 


a.  Inacti\Tition  with  these  compounds  occurred  under  specific 
conditions  of  pH  and  virus  purity. 


E,  C0^^P0UNDS  HAVntO  STABILIZING  OR  INACTIVATING  EFFECTS  ON  EEE  VIRUS 

Table  HI  lists  those  compounds  tested  that  shoved  stabilizing  or  in¬ 
activating  effects  on  partially  purified  EEE  virus.  Hiey  are  not  arranged 
in  order  of  increasing  or  decreasing  activity.  Cystine,  when  tested  within 
tne  limits  of  its  solubility,  was  as  effective  as  cysteine  at  the  same  con¬ 
centration  levels;  it  is  included  parenthetically  with  cysteine.  The 
sulfur -containing  coiQ>ounds,  ethylene  thiourea,  glutathione  and  methionine 
were  not  as  effective  as  thiourea  and  did  not  give  consistent  stabilization 
from  experiment  to  experi;aent.  Tho  zwo  compounds,  glutamine  ana  dipyridyl, 
which  do  not  contain  sulfur,  exhibited,  in  some  experiments,  stabilizing 
properxies  that  approached  those  of  thiourea.  Notice  that  one  sulfhydryl 
compoxmd,  sodium  thioglycollate,  was  found  to  be  inactivating  to  EEE  virus. 

Because  of  the  reducing  nature  of  a  number  of  the  coaQ)Ound«  tested  we 
attempted  to  determine  if  any  correlation  existed  between  the  oxidation - 
reduction  potential  of  vir\is  ouspensluus  containing  the  vorioun  compounds 
and  the  Irjfectivity  titer,  or  change  in  titer,  of  these  c'iBpensi(Ki6 .  Ho 
correlation  has  been  found.  For  example,  aamples  of  virus  that  contained 
0.01  M  urea,  guanidine,  or  thiouz'ea  all  had  approximately  the 


Log  Amniofic  LPen/>nl 
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Figure  3.  Inectlvetions  of  Pertielly  Purified  EEE  Virus 
by  Sodiua  Ascorbate. 


il 


ttifc  ul^‘  and  ^ittaiiMntf'  oM 

a-tr  #1  K^et  ttigv  ,«yf  cbn^iili^  iMidta^v  we 

iS\TH^l*f  ITO'  tjidt  .s&  i^clnt  e^¥#'  geod 
Emd"  ^  tii^iiy  inlfetivattn^’ 


t/tBii  rri.  cd^iotSte:  tMj5T^:®iiro  or  mcnvAMi 
iS^^TS  oir  iStfg  vtROS 


StalDillzIng  Inactivating 

Thidufea 

Cysteine  ( Cystine) 

Ethylene  thiourea 
Thioaemicarhazicte 
Glutathione 
Methionine 
Glutamine 
Eir—idyl 


tfrea 

Guanidine 

Ascorhate 

Seralcarhazlde 

Thloglycoilate 

p-Chloroaiercaribenzoate 

lodoacetamlde 


r;.  Discussrta 


Altliou^  the  data  obtained  In  this  study  suggest  scmw  relationship  ne- 
tvee:;  the  -SH  gro'op  of  an  additive  and  the  stabllltatlon  of  viral  infectiv- 
ity,  it  has  also  beer.  sho'«*n.  that  conJ5<»^ind3  that  contain  no  sulfur  can  4ct 
as  stabilizers.  ‘However,  it  rtiay  well  be  that  -SflS  groups  of  the  viral  pro¬ 
tein  are  involved  vlt.'.  both  suiroj*  and  nonsulftir  additives  in  itiechanisms  of 
star Hization  and  inactivation.  A  possl  ie  aechahlsa  for  stabilixatlon 
co'uld  be  based  on  the  postulation  of  Pdh*4n!pelt0’,'  who  ffajgeated  ttet 
cystLne  stadsilized  poliovirus  by  coaitl'ning  vitai  grcroira  of  viral 
protein,  with  subsei^uent  cross  linking  between  ppo^-n  ttoWfctdLOa  iSma  pre- 
ventir.|:  OKldatlon  associated  with  an  \xncolllng  of  jrrotfelTi  hi  ejr- 

tension  of  this  idea  might  be  that  through  favorable  T*ever«lMa  dOa|d:«tli«, 
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•SB  groups  are  protected  and  aada  available  for  eventual  Interaetlcm  with 
tbe  boat  cell.  XnaetlvatlMi  of  viral  Infectlvlty  by  an  addM.  coapound 
50uld  result  froa  (a)  laaoiblllsatlon  or  altoratlon  of  -SB  groups  on  the 
viral  surface  throi^  irreverslbls  coaplexlng  or  other  interaction  mth  tbe 
coopound,  or  (b)  by  tbe  coapound  reacting  vltb  surface  groirplngs  in  such  a 
way  as  to  cause  a  break  in  cross  links  vlth  a  resultant  unfolding  of  protein 
chains  to  render  tiie  virus  acre  susceptible  to  oxidative  inactivation. 

If  the  ultlaate  cause  of  loos  of  viral  infectivity  is  disn^tion  of  the 
integral  structure  of  viral  nucleic  acid  by  products  (possibly  free  radi¬ 
cals)  of  soae  process  (such  as  oxidation),  then  ve  sd^t  postulate  that 
coopounds  stabilise  viral  Infectivity  by  preventing  this  process  fz^  occiur- 
ring  either  through  eosplexlng  vith  traces  of  catalytic  astal  ions,  buffer¬ 
ing  against  unfavorable  oxidation-reduction  change,  or  reacting  vith  sites 
on  the  viral  protein  so  as  to  produce  a  aore  cloaely-knit  protective  coat 
for  the  sensitive  nucleic  acid.  In  a  parallel  sense,  coaq^ounds  might  he 
Inactivating  to  viral  Infectivity  by  in  thesmelves  initiating  the  inactivat¬ 
ing  process, by  helping  to  establish  conditions  favorable  to  an  acceleration 
of  this  process,  or  by  causing  an  unfolding  of  the  viral  protein,  thus  ask¬ 
ing  the  nucleic  acid  mu  accessible  to  the  inactivating  oechanisa.  In 
another  sense,  coapounds  cotild  be  inactivating  by  altering  the  surface 
structure  of  the  virus  particle  so  as  to  prevent  the  interaction  of  virus 
and  host  cell. 


Y.  SlItiARY 


These  experioents  have  established  no  single  essential  oechanisa  or 
factor  as  being  responsible  for  the  stabilisation  or  inactivation  of  EEE 
virus.  The  data,  bovever,  indicate  (a)  that  structurally-related  coopounds 
can  exert  entirely  different  effects  mx  the  infectivity  of  tbe  virus,  (b) 
that  apparent  alteration  of  sulfhydryl  grotpa  of  the  protein  of  BB  virus 
directxy  affects  the  viral  Infectivity  or  the  stability  of  tbe  virus,  (c) 
the  presence  of  a  reducing  agent  or  the  establisfaaent  of  a  certain  reduction 
potential  doea  not,  in  itself,  guarantee  or  iopart  stability  to  a  suspenalon 
of  EEE  virus. 
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